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对光合细菌 CN 的形态结构、生理生化特性及 16S rDNA 序列进行分析，鉴
定该菌株为沼泽红假单胞菌（Rhodopseudomonas palustris）。分析了碳源种类、
菌龄、接种量、pH 值、碳源浓度、氮源浓度、光照强度等因素对菌株光发酵产
氢的影响。通过对影响 R.palustris CN 产氢主要因素的正交实验，确定该菌株批
次发酵产氢的 佳条件为：装液量为 10 mL（135mL 反应瓶），起始 pH 值为 6.5，
以丁酸为碳源，光照强度为 5000 lux 时， 高产氢量可达 1.736 mmol/mL；装液
量为 20 mL（135mL 反应瓶），pH 值为 6.5，碳源为乳酸，光强为 3000 lux 时，
大产氢速率达 11.498 μmol/mL·h。 
光合细菌可利用乙酸、丙酸、丁酸等有机酸进行光发酵产氢。在本研究中，
R.palustris CN利用暗发酵产氢废液进行光发酵产氢。结果表明，在 pH5.5至 pH8.0
之间 R.palustris CN 可以利用暗发酵产氢废液继续产氢，产氢时间长达 12 d。其
中在 pH7.5 条件下产氢量 大，每 mL 发酵废液可产生 0.14 mmol H2。 
    以 R.palustris CN 总 DNA 为模板，设计引物（pHupV、pHupS），通过 PCR
扩增获得了膜结合态氢酶结构基因的小亚基 hupS 部分序列，利用所获得的部分





















Photosynthetic bacteria (PSB), a group of the earlist archaebacteria on earth，
which can photosynthesize without giving off oxygen. They decomposed and utilized 
organic compound to produce hydrogen in anaerobic illuminative or aerobic dark 
condition, thus hydrogen production of which can be classified as photo-fermentation 
and dark-fermentation. The dark-fermentative hydrogen production is mainly 
catalyzed by hydrogenase. The photo-fermentative hydrogen production is catalyzed 
by nitrogenase which associated with photosynthesis and carbon metabolism. In this 
process, photosynthesis provided the energy and reduced power for hydrogen 
production, while the required proton and electron were mainly provided by carbon 
metabolism, then nitrogenase catalyzed the reduction of proton to hydrogen. 
The PSB strain CN was identified as Rhodopseudomonas palustris by analysis of 
morphology, physiology and 16S rDNA sequences. After single-factor experiment, 
some common factors which influence the activity of hydrogenase and the 
H2-production yield (e.g. carbon sources, strain age，inoculation volume，pH value, 
concentration of carbon and nitrogen sources, illumination tense) were figured out. 
According to the results of orthogonal experiment, the optimal conditions in 10 mL 
fermentation buffer (135 mL bottle) were achieved as: the initial pH value was 6.5, 
use butyrate as carbon sources and the optimal illumination tense was 5000 lux. 
Under such conditions, the maximal hydrogen production was obtained as 1.736 
mmol/mL. The optimal conditions in 20 mL fermentation buffer (135 mL bottle) were 
achieved as: the initial pH value was 6.5, use lactate as carbon sources and the optimal 
illumination tense was 3000 lux. Under such conditions, the maximal hydrogen 
production rate was obtained as 11.498 umol/mL·h.  
Photosynthetic bacteria (PSB) can use small molecular organic acids such as 
acetic acid and butyric acid to produce hydrogen. In this research, R.palustris CN can 
use the remnants of dark fermatation to produce hydrogen in the pH range of 5.5 to 
8.0. The hydrogen production can last for 12 days with a maximal hydrogen 
production of 0.14mmol per mL wastewater ( pH7.5). 
Primers (pHupV、pHupS) were designed and applied for PCR using R.palustris 
CN total DNA as template. Partial small subunit hupS sequences of membrane-bound 
hydrogenases were acquired. According to this sequence, primers( pHupS1、pHupC）















structural genes of the membrane-bound hydrogenases including small subunit hupS 
and large subunit hupL were obtained. 
The experiment of photofermentative hydrogen production by R.palustris CN 
using dark-fermentation waste proved that dark-photo-fermentation can improve the 
efficiency of hydrogen production and gene cloning of membrane-bound 
hydrogenases of R.palustris CN paved the way for high-efficiency engineering strain. 
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氏球菌属( Veillonella)、互养球菌属( Syntrophococcus )、醋弧菌属( Acetivibrio)、
线形醋菌属 (Acetofilamentum) 、醋微球菌属 (Acetomicrobium) 、拟杆菌属
( Bacteroides)、闪烁杆菌属(Fervidobacterium)、盐厌氧菌属(Halomaerobacter)、









































































Fig. 1-1 Electron transfer diagram of photobiological production of hydrogen by algae 
P680: PSⅡ阶段的反应中心 PSⅡreaction center; P700: PSⅠ阶段的反应中心 PSⅠreaction center; Q: PSⅡ阶
段的主要电子接受体  PSⅡ  main electron receptor; Cytb6f:细胞色素b6f cytochrome; PC:质体蓝素 










Fig.1-2 Electron transfer diagram of photosynthetic hydrogen production by photosynthetic 
bacterium 
PS:光合反应中心 Photosynthetic reaction center; Q: PSⅡ阶段的主要电子接受体 PS main electron receptor; Ⅱ

























表1-2  不同的微生物产氢方法的优缺点比较[2] 



















Fig.1-3 Biochemical pathway of photobiological production of hydrogen by anaerobic 
























Tab.1-3  Hydrogen production from biomass by mixture culture of photosynthetic bacteria 
and some other microorganism 
 
有机底物    光合菌                混合微生物                  产氢速度             参考文献 
葡萄糖       Rba. sphaeroides RV    Clostridium butyricun IFO-13949    958 mL/200 mL bottle     [15] 
葡萄糖       Rba.sp.M-19              Clostridium butyricun          6.6 mol/mol glucose       [16] 
葡萄糖      Rps.rubrumNCIB8255  Chamydomonas reinhardtii C-238    2.4 μmol/(g dcw·12 h)      [17 ] 
葡萄糖       Rba.sphaeroidesO.U.001    Pseudomonas fluorescens     17.34 mL/12 mL bottle      [18] 
纤维素       Rba.capslatus B100     Cellulomonas sp.ATCC21399      4.6～6.2 mol/mol glucose   [19] 
淀粉         Rhodobium mariumA-501   Vibrio fluvialis T-522           48 mmol/L              [20] 
纤维素和锯末 Rsp. rubrum              Klebsiella pneumoniae          5.25 mol/mol glucose      [21] 
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